In this study, the fused salt NaCl/KCl was used to react with Sn 0.9 Al 0.1 P 2 O 7−δ to synthesize Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 composite electrolyte by in-situ reaction. The crystalline phase of the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 was analyzed by X-ray powder diffraction (XRD). The external and cross-sectional morphologies of the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 were observed by scanning electron microscope. The Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 reaches maximum ionic conductivity of 7.7×10 -2 S·cm -1 at 700 °C in a dry nitrogen atmosphere. The hydrogen concentration discharge cell verifies that the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 is a good protonic conductor in a hydrogen-containing atmosphere.
INTRODUCTION
Fuel cells (FCs) are a kind of electrochemical equipment that directly converts chemical energy into electricity cleanly and efficiently. Fuel cells have received extensive research attention over the past few decades [1] [2] [3] [4] [5] [6] [7] . Solid electrolyte material is the core of FCs. Up to now, many compounds have been found to have protonic conduction under certain conditions. H 3 PMo 12 O 40 29H 2 O, H 3 PW 12 O 40 xH 2 O and so on usually contain crystalline water which can be transmitted similar to the liquid, thereby forming proton conduction. However, the crystalline water will be lost if the temperature rises or the humidity decreases, leading to a significant decrease in proton conductivity [8] [9] . High temperature proton conductors (HTPCs), such as rare earth elements like doped ABO 3 perovskite, have good protonic conductivity in atmospheres of hydrogen or water vapor at high temperatures (700-1000 °C). High temperature hinders the use of fuel cells and therefore, a lot of researches into intermediate temperature proton conductors (ITPCs) have been conducted worldwide [10] [11] .
In recent years, researchers have found that some oxysalts have high protonic conductivity within the range of 100 to 400 °C. Among them, pyrophosphate has attracted much attention due to its excellent electrical properties [12] [13] 
EXPERIMENTAL
The Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 was synthesized with tin oxide, alumina, phosphoric acid, potassium chloride and sodium chloride as raw materials. In a typical experimental procedure, 8.1378 g of SnO 2 , 0.3059 g Al 2 O 3 and 11.6 mL of 85 % H 3 PO 4 were fully mixed and heat-treated at 350 °C until it became gray and sticky. The sticky mixture was placed in a high-temperature electric furnace and heated to 550 °C for 2 h. And the Sn 0.9 Al 0.1 P 2 O 7−δ powder was obtained. Subsequently, NaCl/KCl molten salt and Sn 0.9 Al 0.1 P 2 O 7−δ powder were mixed and sintered at 650 °C twice to obtain the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 .
The crystalline phase of the prepared Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 was analyzed by X-ray powder diffraction (XRD) with a Panalytical X′ Pert Pro MPD diffractometer by using Cu K  radiation (=0.15418 nm). The external and cross-sectional morphologies of the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 were observed by scanning electron microscope (SEM, Hitachi S-4700). The conductivity of the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 was analyzed in dry nitrogen atmosphere within the range of 300 to 700 o C. The conductivity was measured using a three-electrode system in the frequency range from 0. 
the H 2 /O 2 fuel cell using the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 as an electrolyte membrane was also tested. Fig. 1 Intensity/a.u. Fig. 2(a) , it can be clearly seen that there is no porous phenomenon in the external plane. The grain growth is plump and the particle size is uniform. There are no cracks or delamination in the cross-sectional morphology. There is a small amount of melting in the sintered body which shows the sample has good sintering properties, as can be seen in Fig. 2(b) . of 300 to 700 °C in a dry nitrogen atmosphere. From Fig. 4 it can be seen that the ionic conductivity of the sample increases as the test temperature rises and reaches a maximum ionic conductivity of 7.7×10 [28] . This can be attributed to the composite structure producing more proton transfer pathways. The hydrogen concentration discharge cell of the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 at 600 °C is displayed in Fig. 5 [29] [30] . It shows the voltage decreases gradually with increasing current density. When the output power density reaches 0.30 mW·cm -2 , the current density is 9.07 mA·cm -2 . The test results show that the open circuit voltage of the hydrogen concentration discharge cell is 0.06V, which is close to the theoretical electromotive force (EMF cal = 60.5 mV) [29] [30] . This confirms that the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 is a good protonic conductor in a hydrogen-containing atmosphere. The AC impedance method was used to test the Sn 0.9 Al 0.1 P 2 O 7−δ /KSn 2 (PO 4 ) 3 in an open circuit condition. Fig. 6 is the AC impedance spectra measured at 650 °C and 700 °C. It can be seen that the impedance spectrum of the sample is composed of an incomplete semicircle and a ray. The two ends of the semicircle correspond to the total cell resistance (R t ) and ohmic resistance (R o ), respectively. The difference between the two is the interfacial polarization resistance (R p [33] . This may be due to the formation of point defect pairs.
RESULTS AND DISCUSSION

CONCLUSIONS
In this study, a Sn 0. 
